wo 2005/031323 



PCT/AU2004/001338 



- 29 - 

CLAIMS : 



1. An Infrared detection apparatus for detecting an 
adverse atmospheric condition cosqprislng: 

5 a plurality of filters corresponding to different 

ones of a plurality of wavelengths and at least including 
filters that enable the adverse atmospheric condition to 
be detected; 

an infrared array, said infrared array producing 

10 signals representative of infrared radiation reaching said 
array from a field of view; 

radiation control meems for controlling the 
infrared radiation received by the infrared array, the 
radiation control means including means for chcuiging the 

15 filters so that said infrared array can produce wavelength 
signals representative of infrared radiation from each of 
said wavelengths corresponding to the adverse atmospheric 
condition to be detected, and means for enabling said 
infrared array to produce calibration signals for each 

20 wavelength signal; 

calibration means for performing a calibration of 
each wavelength signal to correct for radiation from the 
infrared detection apparatus on the basis of at least the 
corresponding calibration signal to thereby produce a 

25 calibrated wavelength signal representative of radiation 
from the field of view; sucid 

output means for producing an output indicative 
of the presence of the adverse atmospheric condition in 
the field of view based on the calibrated wavelength 

3 0 signals. 

2. Apparatus as claimed In claim 1, further 
comprising correction means for correcting the calibrated 
signals for one or both of water vapour absorption and 

35 viewing angle effects. 



3. 



Apparatus as claimed in claim 2, wherein the 
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correction means comprises a pre -computed look-up table 
(LUT) . 

4. Apparatus as claimed in claim 3, wherein the LX7T 

5 is based on off-line detailed radiative transfer 

calculations which account for the effects of water vapour 
absorption and for viewing geometxry for each of the 
preferred filtered infrared wavelengths. 

10 5. Apparatus as claimed in claim 1, wherein the 

means for enabling said infrared array to produce 
calibration signals comprises a shutter having infrared 
emissivity which is high in each of said wavelengths. 

15 6. Apparatus as claimed in claim 5, wherein said 

radiation control means controls said shutter to shut 
prior to each wavelength measurement to thereby enable 
said array to produce a calibration measurement 
corresponding to the wavelength measurement. 

20 

7. Apparatus as claimed in claim 1, wherein said 
calibration means performs said calibration on the basis 
of a calibration equation of the form R = axC-i-b, where 
R is the calibration wavelength signal, C is the 

25 wavelength signal, axid a and b are coefficients. 

8. Apparatus as claimed in claim 7, wherein said 
calibration means alters pre-calibrated coefficients of 
the calibration equation on the basis of the calibration 

30 signal. 

9. Apparatus as claimed in claim 7, wherein said 
calibration means calculates calibration coefficients for 
each filter and for each pixel of the infrared array. 

35 

10. Apparatus as claimed in claim 1, wherein said 
output means outputs teznperature difference images derived 
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from at least two wavelengths. 

11. Apparatus as claimed In claim 1, wherein the 
output indicative of the presence of the adverse 

5 atmospheric condition comprises temperature difference 
information for a plurality of portions of said field of 
view. 

12. Apparatus as claimed in claim 11, wherein said 
10 output mesms processes said tentperature difference 

information to determine whether an alarm condition is met 
and in outputs alarm data if said condition is met. 

13. Apparatus as claimed in claim 12, configured to 
15 monitor said field of view for sulphur dioxide and wherein 

said temperature difference information is based on the 
temperatures Ts.s/ Tio.o# Tn.o and T12.0 at four wavelengths, 
8.6 pm, 10.0 |im, 11.0 pm and 12.0 fim for each portion of 
said field of view. 

20 

14. Apparatus as claimed in claim 13, wherein said 
output means produces temperature difference information 
by determining a first texiqperature difference 

STi s T8.6 - Tio.or a second temperature difference 
25 5T2 = Tii.o - Ti2.o# adding the teziiperature differences 

STi, 5T2 to obtain a third temperature difference 8X3, and 
correcting said third teznperature difference for elevation 
to produce a fourth tenperature difference 5T4. 

30 15. Apparatus as claimed in claim 12, configured to 

monitor said field of view for volcanic ash and wherein 
said temperature difference information is based on a 
temperature difference between temperatures, Tn.o and T12.0 
at wavelengths 11.0pm and 12.0pm for each portion of said 

35 field of view. 

16. Apparatus as claimed in claim 15, wherein said 
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alarm condition is met if STva = Tn - T12 > ATb/ where AT is 
a temperature threshold, for at least a predetermined 
nuxnber of portions o£ said field of view. 

5 17. Apparatus as claimed in claim 12, configured to 

monitor said field of view for atmosphere dust and wherein 
said tenperature difference information is based on 
temperatures Ts.e/ Tn and T12 at three wavelengths 8.6|jm, 
and 12.0pm. 

10 

18. Apparatus as claimed in claim 17, wherein said 
texnperature difference information is determined for each 
portion by the equation STdust = aTs.e + bTn + CT12 where a, 
b and c are constants. 

15 

19. A method of detecting an adverse atmospheric 
condi t ion concpr i s ing : 

providing a plurality of filters corresponding to 
different ones of a plurality of wavelengths €uid at least 

20 including filters that enable the adverse atmospheric 
condition to be detected; 

providing an infrared array, said infrared array 
producing signals representative of infrared radiation 
reaching said array from a field of view; 

25 controlling the infrared radiation received by 

the infrared array so that said infrared array can produce 
wavelength signals representative of infrared radiation 
from each of said wavelengths corresponding to the adverse 
atmospheric condition to be detected and to enable said 

30 infrared array to produce calibration signals for each 
wavelength signal; 

performing a calibration of each wavelength 
signal to correct for radiation from the infrared 
detection apparatus on the basis of at least the 

35 corresponding calibration signal to thereby produce a 

calibrated wavelength signal representative of radiation 
from the field of view; and 
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producing an output Indicative of the presence of 
the adverse atmospheric condition in the field of view 
based on the calibrated wavelength signals. 

5 20. A method as claimed in claim 19, further 

comprising correcting the calibrated signals for one or 
both of water vapour absorption and viewing angle effects. 

21. A method as claimed in claim 19 comprising 

10 controlling a shutter having infrared emissivity which is 
high in each of said wavelengths to shut prior to each 
wavelength measurement to thereby enable said array to 
produce a calibration measurement corresponding to the 
wavelength measurement. 

15 

22. A method as claimed in claim 19, comprising 
performing said calibration on the basis of a calibration 
equation of the form R = a x C + b, where R is the 
calibration wavelength signal, C is the wavelength signal, 

20 and a and b are coefficients. 

23. A method as claimed in claim 22, conprlsing 
altering pre-calibrated coefficients of the calibration 
equation on the basis of the calibration signal. 

25 

24. A method as claimed in claim 22, comprising 
calculating calibration coefficients for each filter and 
for each pixel of the infrared array. 

30 25. A method as claimed in claim 19, comprising 

outputting temperature difference images derived from at 
least two wavelengths. 

26. A method as claimed in claim 19, wherein the 

35 output indicative of the presence of the adverse 

atmospheric condition comprises temperature difference 
information for a plurality of portions of said field of 



wo 2005/031323 



PCT/AU2004/001338 



- 34 - 

view, 

27. A method as claimed In claim 26, con^rising 
processing said temperature difference information to 

5 determine whether axi alarm condition is met and in outputs 
ala3cm data if said condition is met. 

28. A method as claimed in claim 26, for monitoring 
said field of view for sulphur dioxide suid wherein said 

10 temperature difference information is produced by- 
determining a first temperature difference 
5Ti = Ts.e - Txo.o/ sl second temperature difference 
5T2 s Tii.o - ^12.0/ BXid adding the temperature differences 
5Ti, 5T2 to obtain a third temperature difference 5T3, and 

15 correcting said third temperature difference for elevation 
to produce a fourth temperature difference 8X4 . 

29. A method as claimed in claim 26 for monitoring 
said field of view for volcaoiic ash and wherein an alarm 

20 condition is met if STva » - T12 > ATe, where AT is a 

ten^erature threshold, for at least a predetermined number 
of portions of said field of view. 

30. A method as claimed in claim 26 for monitoring 
25 said field of view for atmosphere dust and wherein 

tenperature difference information is determined for each 
portion by the ecpiation ST^ust = ^^8.6 + bTu + CT12 where a, 
b and c are constants. 



